Objective: To investigate in primary care physicians (PCPs) the determinants of a nutrition guidance practice (`noticing patients' overweight and guidance of treatment'), as well as their mechanism of action, in a crosssectional and a longitudinal approach. Design: Mixed longitudinal design. Five years follow up study of a previous cross-sectional study in October 1992. Subjects: A representative sample of 675 Dutch PCPs, in practice for 5 up to 20 y. Interventions: A shortened version of the Wageningen PCPs Nutritional Practices Questionnaire was mailed to the subjects in August 1997. Main outcome measure: To obtain with the LISREL-program a model of the mechanism of action of determinants of the dependent variable`noticing patients' overweight and guidance of treatment' with an adequate ®t of the empirical data, both in the cross-sectional and in the longitudinal approach. Results: The same set of predisposing factors and intermediary factors explains the dependent variable both in two different representative cross-sectional study populations of PCPs, and in a cohort cross-sectional study at two points in time.
Introduction
Physicians are perceived as the best source of health information, the most credible source and after the media the source most often used (Worsley, 1989; Hiddink, 1992 Hiddink, , 1996 Hiddink et al, 1997c) . For nutrition information primary-care physicians (PCPs) can potentially play a key role (Hiddink, 1992) . In 14 ± 28% of consultations diet comes up for discussions (Worsley, 1989; van Dusseldorp et al, 1988; Murphy & Vogel, 1984) , the initiative being evenly divided between PCP and patient (van Dusseldorp et al, 1988) . Because of their high referral scores, high perceived expertise and reach to nearly all segments of the population, PCPs are in a unique position compared with dieticians and the Netherlands Food and Nutrition Education Bureau, the two best competitors out of eleven sources of nutrition information in the Netherlands (Hiddink et al, 1997c) .
The involvement of PCPs in nutrition guidance practices however appears to be very low (Orleans et al, 1985; Levine et al, 1993) . Levine et al observed that clinical practices of PCPs related to nutrition are well below a minimum level as de®ned by Young et al (1983) , and found that favourable attitudes of PCPs towards using nutrition guidance in their practice were not consistent with PCPs' clinical reports (Levine et al, 1993) . During the ®rst International Workshop`Nutritional attitudes and practices of primary care physicians' (December 1995, Heelsum, The Netherlands; proceedings published as a Supplement of the American Journal Clinical Nutrition, June 1997), Glanz reviewed the extent of nutrition counselling in the United States and in Europe (Glanz, 1997) . Most studies focused primarily on counselling for high blood cholesterol and obesity and revealed that 50 ± 75% of PCPs report conducting some nutrition counselling in their practice (Wiesemann, 1997; Glanz & Gilboy, 1992; Glanz et al, 1995; Levine et al, 1993) . According to a recent study, some aspects of nutrition (for example excess energy consumption and consumption of a balanced diet) are considered to be less important than they were a decade ago (Wechsler et al, 1996) .
In general, there appears to be a trend toward more frequent nutrition counselling since the early 1980s (Glanz, 1997) . PCPs also rely on dieticians and nurses to provide nutrition counselling and report they themselves usually spend no more than 5 min discussing dietary change at a single visit (Glanz et al, 1995) . Glanz & Gilboy reviewed nine studies of cholesterol management and counselling in which data were collected with observations, chart audits and surveys of patients. They found rates of nutrition counselling ranging from 17% to 70% (Glanz & Gilboy, 1992) .
The determinants of nutrition guidance practices of PCPs are poorly understood. So far, studies searching for determinants of nutrition guidance practices of PCPs have been limited to identifying perceived barriers of PCPs as discussed before (Hiddink, 1996; Hiddink et al, 1997b) or by addressing speci®c areas, such as cardiovascular risk reduction (Mann & Putnam, 1989; Ammerman et al, 1993; Glanz & Gilboy, 1992) . In a previous cross-sectional study (Hiddink et al, 1995) , determinants of nutrition guidance practices of PCPs were identi®ed (Hiddink et al, 1997a) , as well as their mechanism of action (Hiddink et al, 1997b) . Nutrition guidance practices of PCPs are directly and signi®cantly based on a few predisposing factors: driving forces and perceived barriers may act as signi®cant intermediary variables.
The question now is whether these ®ndings show a sustainability in other cross-sectional studies and in time (a cohort cross-sectional study). Answering these questions is essential in order to understand how PCPs practise nutrition guidance of their patients and with what kind of interventions this nutritional guidance can be made more effective (Green & Kreuter, 1991) . In the present paper we address these questions by means of a cross-sectional and a longitudinal analysis. As nutrition guidance practice we studied the variable`Noticing patients' overweight and guidance of treatment' (Hiddink et al, 1997a) .
Methods
In October 1992, a random sample of 1000 primary care physicians (PCPs) was drawn from the population of Dutch PCPs who had been practising for 5 up to 15 y. They received a specially developed mail questionnaire (the Wageningen PCPs Nutritional Practices Questionnaire), based on the methodology of Dillman (Dillman, 1978) as fully described previously (Hiddink et al, 1995) . The 633 respondents (net response rate 64%) were well representative of the population of PCPs who had been in practice for 5 up to 15 y according to gender, year of starting practice, and gender by type of practice distribution (Hiddink et al, 1995) . In the current study, a shortened version of the Wageningen PCPs Nutritional Practices Questionnaire (obtainable for the ®rst author) was mailed in August 1997 to a nationwide random sample of 675 Dutch PCPs, who had been in practice for 5 up to 20 y. This random sample was achieved in the following way: Six hundred of the 633 respondents from the ®rst study were eligible. They were supplemented with 222 PCPs who had been in practice for 5 up to 10 y Ð on the basis of gender by type of practice by health center (yesano) distribution Ð to become representative for the total Dutch population of PCPs in practice for 5 up to 20 y. (Database Netherlands Institute of Primary Health Care (NIVEL): data per 1 July 1997; addresses and information on sex, type of practice, year of starting practice and degree of urbanization of the practice). In order to assure independent self-completed questionnaires, an equal chance was given to every PCP, and only one member of each (combined) practice appeared in the sample. This sample of 822 PCPs was divided in two representative samples of (675 PCPs and of 147 PCPs) on the basis of gender by type of practice by health center (yesano) distribution. The sample of 675 PCPs was used in the present study, which was carried out along a standardized protocol. 371 PCPs responded to the questionnaire, 297 males and 74 females (Table 1) .
Forty-®ve percent of PCPs had a solo-practice, 37% a dual-practice, 11% a group-practice and 7% worked in a health center. Twenty-one percent of GPs practices were in rural areas and 79% were in urban areas. Information about non-participants was based on the same NIVEL-data. 283 GPs were part of the longitudinal study (in practice for 10 up to 20 y) ( Table 1) .
Dependent variable`noticing patients' overweight and guidance of treatment'
The variable`noticing patients' overweight and guidance of treatment' was chosen as a typical example of nutrition guidance. This variable was operationalized in six items (Hiddink et al, 1997b) . One item addressed the percentage of patients of whom the PCP noticed their weight. Five items were about guidance of treatment: three of these concerning the discussion of overweight problems and two items concerning the extent of the advice. In 1997 we identi®ed the mechanism of action of determinants of nutrition guidance practices of PCPs by means of linear structural relationship analysis (LISREL) using a postulated model (Hiddink et al, 1997b ). The postulated model on the mechanism of action was con®rmed. The model Cross-sectional and longitudinal analyses of nutrition guidance of PCPs GJ Hiddink et al demonstrated that nutrition guidance practices of PCPs are directly and signi®cantly based on a few predisposing factors; driving forces and perceived barriers may act as signi®cant intermediary variables. The predisposing factors, driving forces and perceived barriers were identi®ed. The LISREL-model of mechanism of action of determinants of`noticing patients' overweight and guidance of treatment' for PCPs in practice from 5 up to 15 y in that publication (Hiddink et al, 1997b) will be referred to in this paper as the`reference-LISREL-model'.
The nine factors used in the LISREL path analysis for analyzing the dependent variable`noticing patients' overweight and guidance of treatment' are given in Table 2 . These factors were constructed in the same way for 1992 and 1997. Crohnbach's alpha (Cr-a) was used as a measurement of reliability of scales. Factors were de®ned as sums of items, standardized for scale width. Of these nine factors, ®ve factors have a high Crohnbach's a ( b 0.70) and two have a moderate Crohnbach's a (0.60 ± 0.70). The other two factors were based on one question. The dependent variable as measured in 1997 was signi®cantly lower compared to 1992 (P`0.001). Both have also a moderate Crohnbach's a (0.66 and 0.62, see Table 2 ).
Hypothesis
Our hypothesis is in essence that determinants of the dependent variable (a nutrition guidance practice of primary care physicians (PCPs)), as well as their mechanism of action, are identical, both cross-sectionally and longitudinally, to the determinants of the reference LISRELmodel (and to their mechanism of action). In other words, we expect to obtain LISREL-models that ®t the empirical data, when we execute the LISREL path analysis with the predisposing factors, driving forces and perceived barriers of Table 2 , for the dependent variable in different situations. These situations are:
(a) Representative cross-sectional analysis: all respondents, in practice from 5 up to 20 y (N 371, see Table 1 ).
(b) Cohort cross-sectional analysis: respondents in practice from 10 up to 20 y (N 283, see Table 1 ). (c)`Determinant-longitudinal approach' (with incorporation of the factor`time'). On the basis of the predisposing, enabling and reinforcing factors in the Precede-Proceed Model (Green & Kreuter, 1991) and the results obtained thus far (Hiddink et al, 1997b) , we hypothesized that the dependent variable as measured in 1997 for the respondents in practice for between 10 and 20 y (N 283) is determined by the predisposing factors of 1992, the change in predisposing factors between 1997 and 1992 (D predisposing factors); the intermediary factors of both 1992 and 1997 may act as intermediary variables (see Figure 1 ). (d)`Early behaviour longitudinal approach' (with incorporation of the factor`time' and the factor`earlier behaviour'). It is well-known from the literature (De Vries et al, 1995) that earlier behaviour has a high predictive value for that behaviour to be carried out. Therefore, we now added in the hypothesis the variablè noticing patients' overweight and guidance of treatment' of 1992 as a driving force and hypothesized that the dependent variable as measured in 1997 for our respondents in practice for between 10 and 20 y (N 283) is determined by the predisposing factors of 1992, the change in predisposing factors between 1997 and 1992 (D predisposing factors), and`noticing patients' overweight and guidance of treatment' of 1992; the intermediary factors of 1992 and 1997 may act as intermediary variables (see Figure 2 ).
Statistics
Variables were constructed in the same way as in the previous study (Hiddink et al, 1997b) . Associations were studied using Pearson's correlation test. Differences between groups were tested by t-test or the chi-square test. Differences over time were tested using paired t-test.
To identify the mechanism of action of determinants of the dependent variable, linear structural relationships analysis (LISREL path analysis) was used (program version 8.14; Jo Èreskog & So Èrbom, 1989) . The LISREL-solution was accepted, when the conditions of (a) low residuals, (b) all t-values of effects b 2 and (c) an acceptable Q-plot of all standardized residuals were ful®lled (Jo Èreskog and So Èrbom, 1989) . 1 2 hp , P, and adjusted goodness of ®t index (AGFI) are presented to indicate the quality of the model.
Results

Response and representatives
The net response rate was 55% (371a672, see Table 1 ). The 371 respondents were well representative of the population of PCPs who had been in practice for 5 up to 20 y according to gender distribution, age, year of starting practice and type of practice. The respondents were also well representative according to sex by type of practice by health center (yesano) distribution.
The respondents did not differ from non-respondents according to gender distribution, age, year of starting practice, type of practice and degree of urbanization. Respondents and non-respondents were also compared on the basis of 22 variables of the 1992 study using t-test with Bonferroni-correction, including perceived barriers to nutrition guidance practices (6 factors) and 16 factors in the ®elds of nutrition attitudes and beliefs (Hiddink et al, 1997) . This comparison revealed no statistical differences.
Change of factors between 1997 and 1992
The change of predisposing factors, driving forces, perceived barriers and the dependent variable`noticing patients' overweight and guidance of treatment' of PCPs is given in Table 2 . Between 1997 and 1992, two of the four predisposing factors, two of the three driving forces and one of the two perceived barriers decreased signi®cantly. In those cases the factor did not change, the individual values for that variable may have changed. At the same time the dependent variable also decreased signi®cantly (expressed in z-score, from z 1 0X10 to z 2 0X34).
Representative cross-sectional analysis
The hypothesis that the dependent variable is determined by predisposing factors, with or without intermediary factors (see Methods), could be con®rmed because the LISREL-program also provided a model with an excellent ®t (Figure 3) . The obtained LISREL-model of Figure 3 to paths in the reference model with almost the same path coef®cients. Four paths in the`reference-LISREL-model' are not present in Figure 3 but replaced by three new paths.
The conclusion may be, that the same set of predisposing factors and intermediary factors can explain the dependent variable for two different representative crosssectional studies of PCPs: being in practice for 5 up to 15 y in 1992 (`reference-LISREL-model') and being in practice for 5 up to 20 y in 1997 (Figure 3 ).
Cohort-cross-sectional analysis
The sub-sample of 283 respondents (in practice for 10 up to 20 y) who were also studied in 1992 were submitted to the same LISREL-analysis. The obtained LISREL-model of Figure 4 ®ts the empirical data: 1 2 hp25 25X17, P 0.45; AGFI 0.96). The percentage of explained variance by the LISREL-model is 21%.
From this LISREL-model ( Figure 4 ) it becomes clear that all predisposing factors act, in principle, through intermediary factors on the dependent variable. Only the predisposing factor`interest in the effect of nutrition in health and disease' acts directly on this dependent variable, the direct effect being the most important one.
The model of Figure 4 very closely resembles thè reference-LISREL-model' with an explained variance of 23%. Thirteen paths are identical to the paths in the reference model, with almost the same path coef®cients, and four paths in the`reference-LISREL-model' are not present in Figure 4 but replaced by one new path. The model of Figure 4 also very closely resembles the model of Figure 4 and Figure 4 has one new path.
The conclusion may be that the same set of predisposing factors and intermediary factors can explain the dependent variable in a cohort cross-sectional study at one point in time and ®ve years later.
Determinant-longitudinal approach'
The hypothesis that the dependent variable as measured in 1997 for the respondents in practice for 10 ± 20 y (N 283) is determined by predisposing factors of 1992, the change in predisposing factors between 1997 and 1992 (D predisposing factors), with or without the intermediary factors of 1992 and of 1997 ( Figure 1 ) could be con®rmed because the LISREL-program also provided a model with a good ®t (1 2 hp110 131X44, P 0.080; AGFI 0.92). The percentage of explained variance is 21%.
The conclusion may be, that incorporation of time as operationalized in this`determinant-longitudinal approach' makes it possible to obtain a LISREL-model of the dependent variable that ®ts the empirical data. The percentage of explained variance is the same as in the cohort crosssectional analysis (Figure 4, 21%) , so the followed procedure did not lead to a gain in explained variance.
Early behaviour longitudinal approach'
The hypothesis that the dependent variable as measured in 1997 for the respondents being in practice for 10 ± 20 y Figure 2 ) could be con®rmed, because the LISREL-program also provided a model with a good ®t (1 2 hp123 133X49, P 0.24; AGFI 0.92). The percentage of explained variance is 29%, which is higher than the explained variance of thè determinant-longitudinal approach' (21%) and also higher than the explained variance (24%) of the behaviour in 1997 from the behaviour in 1992. In this case, the followed procedure led to a gain in explained variance.
Discussion
This study recon®rms that a PCPs nutrition guidance practice is determined partly directly by predisposing factors, and indirectly via driving forces and barriers which play an intermediary role. In the constructed LISREL-models (Figures 3 and 4) , four predisposing factors were identi®ed as playing a major role: ± perception of the physician's own ability to in¯uence the lifestyle and eating habits of patients with health problems (self-ef®cacy general); ± physician's interest in the effect of nutrition in health and disease (nutritional interest); ± perception of physician's own ability to give dietary advice in the treatment and prevention of coronary heart disease (self-ef®cacy chd); ± perception of role of behaviour and heredity on health (role of behaviour on health).
These four predisposing factors also play a major role in the reference LISREL-model which con®rmed a postulated model of action (Hiddink et al, 1997b) . The arguments for that postulated model were based on the predisposing, enabling, and reinforcing factors in the Precede-Proceed Model (Green & Kreuter, 1991) and upon our previous qualitative research, which revealed these four predisposing factors for the dependent variable (Hiddink et al, 1997b) .
In the constructed LISREL-models (Figures 3 and 4 ) the same three driving forces (task perception, attitude regarding treatment of overweight, attitude towards weight-health relationship) and the same two perceived barriers (lack of skills to treat overweight, lack of time to treat overweight) act as intermediary variables, compared with the reference LISREL-model.
The postulated hypotheses for the representative crosssectional analysis, the cohort cross-sectional analysis, thè determinant-longitudinal approach' and for the`early behaviour longitudinal approach' could be con®rmed. Determinants of the examined nutrition guidance practice of PCPs, as well as their mechanism of action, are identical in these cross-sectional and longitudinal situations.
LISREL-models clearly have advantages compared to the more traditional multiple regression analysis (MRA) in leading to a more in-depth understanding of the mechanism of action of determinants of nutrition guidance practices of PCPs (Hiddink et al, 1997b) . MRA delivers beta-weights regarding the strength of the effect, but not an understanding of the mechanism of action (Hiddink et al, 1997b) . A better understanding of this mechanism of action could be extremely bene®cial when planning interventions to improve the nutrition guidance practices of PCPs (Green & Kreuter, 1991) .
Both in the representative cross-sectional analysis (Figure 3 ) and in the cohort cross-sectional analysis ( Figure 4) the hypothesis that the dependent variable is determined by predisposing factors, for which driving forces and perceived barriers may act as intermediary variables, could be con®rmed because the LISREL-program provided a model with an excellent ®t. The same set of predisposing factors and intermediary factors can partly explain the dependent variable (a) for two different representative cross-sectional studies of PCPs (being in practice for 5 to 15 y in 1992 (the`reference-LISREL-model') and being in practice for 5 to 20 y in 1997 ( Figure 3) ) (b) in a cohort cross-sectional study at one point in time and 5 y later. In all situations the mechanism of action of determinants is identical.
In the constructed LISREL-models of the`determinantlongitudinal approach' and of the`early behaviour longitudinal approach', the four earlier mentioned predisposing factors are playing a major role, as well as three of the four D predisposing factors'. Comparison of these two LISREL-models reveals the following features: ± in the`determinant-longitudinal approach' there are no direct effects of predisposing factors on the dependent variable, except for`nutritional interest', and`D nutritional interest'. ± the structure among determinants is almost identical:
the`determinant-longitudinal approach' has 33 paths and the`early behaviour longitudinal approach' has 36 paths; 28 paths are identical (with almost the same path coef®cients).
Both in the`determinant-longitudinal approach' and in the`early behaviour longitudinal approach' the postulated hypothesis (see hypotheses of Figures 1 and 2) could be con®rmed because the LISREL-program provided a model with a good ®t. Incorporation of time in the LISREL-model as operationalized in the`determinant-longitudinal approach' had no bene®t with regard to the percentage of explained variance (21%) compared with the LISRELmodel of the cohort cross-sectional study (21%). Incorporation of time and earlier behaviour as operationalized in thè early behaviour longitudinal approach' led to a higher percentage of explained variance (29%) than in the cohort cross-sectional study (21%) and than in the`determinantlongitudinal approach' (21%). On the basis of the earlier behaviour alone the explained variance was 24%. The conclusion may be that incorporation of time and earlier behaviour as operationalized in the`early behaviour longitudinal approach' provided a model with a good ®t and with the highest percentage of explained variance.
This longitudinal study shows that the dependent variable`noticing patients' overweight and guidance of treatment' decreased signi®cantly in 5 y time (P`0.001, see Table 2 ). We therefore conclude that there is an urgent need for a theory-based, planned nutrition education of PCPs to counteract this trend. In the Netherlands, the prevalence of overweight and obesity de®ned by body mass index (BMI) of 25 ± 30 kgam 2 and 30 kgam 2 , respectively, is 30 ± 40% (Mathus-Vliegen, 1998a). Based on the projects`Monitoring risk factors for health in the Netherlands (MORGEN; 20 ± 59 y) and`Erasmus Rotterdam health of elderly research' (ERGO, above 55 y), 7% of the men and 11%
Cross-sectional and longitudinal analyses of nutrition guidance of PCPs GJ Hiddink et al S41 of the women are obese (Kramers & Ruwaard, 1997) . Obesity is becoming a global epidemic (WHO, 1998) ; also in the Netherlands overweight and obesity are a growing problem for all ages (Mathus-Vliegen, 1998a ). In the Netherlands, coronary heart death is to be attributed 15 ± 30% to overweight and 4 ± 25% to obesity. For diabetes mellitus these percentages are 64 ± 82% and 33 ± 75%, respectively (Mathus-Vliegen, 1998b). Minor weight loss (5 ± 10% of body weight) in obesity appears to reduce the risk (Pijl & Meinders, 1998) . On the basis of the unique position of the PCP as a source of nutrition information (high referral scores, high perceived expertise and reach to nearly all segments of the population (Hiddink et al, 1997c) and the potential for individual counselling in family practice (Van Weel, 1997; Van Binsbergen, 1997) , PCPs have a unique potential role in prevention and treatment of overweight and obesity (a growing problem for all ages in the Netherlands) within a multi-faceted approach. This multi-faceted approach is described by the WHO-report (1998) and by Mathus-Vliegen (1998b) . PCPs are familiar with the Body Mass Index (Hiddink et al, 1997d) , which is encouraging because prevention and treatment of overweight and obesity starts with a valid assessment.
Our results show that in 5 y time also two of the four predisposing factors and two of the three driving forces decreased signi®cantly. A nutrition education policy aimed at PCPs and the training of PCPs should include at the same time a strengthening of the predisposing factors, strengthening of the driving forces and reduction of the barriers to reach the best possible outcome (Hiddink, Thesis 1996) .
One of the predisposing factors is the interest of PCPs in the effect of nutrition on health. Such interest is the second essential step after the factor awareness in the process of diffusion of innovations (Rogers, 1983) . Without interest, further steps in this process are impossible.
Other predisposing factors identi®ed are the factor in¯uence of behaviour on health', and the self-ef®cacy variables`perception of own ability to in¯uence lifestyle and eating habits of patients with health problems' and perception of own ability to give dietary advice in the treatment and prevention of coronary heart disease'.
The notion of self-ef®cacy is a component of Bandura's social cognitive theory, which attempts to explain the determinants of behaviour and its modi®cation (Strecker et al, 1986; Bandura, 1977) . A number of strategies outlined in Bandura's social cognitive theory can be of help to increase PCP's self-ef®cacy: these are verbal persuasion, vicarious experience or modeling and personal experience (Bandura, 1986) .
In case of verbal persuasion it is necessary to present data showing that PCPs can effectively help patients to change their eating pattern and lifestyle. In the case of vicarious experience or modeling, PCPs need to be exposed to peers who feel con®dent and successful in helping patients to change their eating pattern and lifestyle. In the case of personal experience, a structured dietary treatment program on the basis of sound behaviour change principles can help to guide PCP's counselling, which increases the likelihood of successful dietary change among patients.
Clearly, a future research priority is con®rmation of these results for other nutrition guidance practices of PCPs as well as for PCPs-in-vocational-training. Together with the present results, this will lead to a better understanding of the determinants of nutrition guidance practices of PCPs (and their mechanism of action), which can be very bene®cial when planning interventions to improve the nutrition guidance practice of PCPs (Green & Kreuter, 1991) .
With the results of our studies and the knowledge of strategies to increase PCP's self-ef®cacy, a next necessary step in future research will be an intervention study to prove that increasing the self-ef®cacy of PCPs will lead to an improvement of nutrition guidance practices of PCPs. Recently, a major review was published on the effectiveness of nutrition education and implications for nutrition education policy, programs and research (Contento et al, 1995) . With regard to health professionals it concluded that effective and successful programs are behaviorally focused, based upon appropriate theory and prior research, and include motivational messages in educational strategies (Contento et al, 1995) . A very strong motivational message would be the success of the proposed intervention study.
